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© An output driver that allows for static protection 
during generation of static discharge is provided. 

A static protection circuit is disposed between a 
predrive stage and a power drive stage of the output 
driver. 
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TECHNICAL FIELD 

The present invention relates to an output driv- 
er for a semiconductor integrated circuit (IC) de- 
vice. 

BACKGROUND 

Fig. 1 shows an internal structure of an in- 
tegrated circuit package as the semiconductor IC 
device. 

In the figure, a plurality of lead pins 2 are 
provided in an IC package 1 for signal connection 
with an external device, and a silicon chip 3 made 
of a silicon semiconductor is affixed thereto. On the 
silicon chip 3 are disposed a circuit component 30 
on which multiple IC elements are formed for con- 
trolling circuit operation as an IC package, and also 
a plurality of input and output (I/O) buffers 31 . Also 
on this silicon chip 3 are formed a Vdd bus 34 as a 
high-potential power supply line and a Vss bus 35 
as a low-potential power supply line, such that they 
surround these I/O buffers 31 in a circular fashion. 
The lead pin 2 and input/output buffer 31 are 
connected together with a bonding wire 4 and a 
bonding pad 32. The input/output buffer 31 con- 
verts an external signal supplied from an external 
device via the bonding wire 4 and bonding pad 32 
into a desired voltage, which is in turn supplied to 
the circuit component 30. The input/output buffer 
31 also converts the signal supplied from the cir- 
cuit component 30 into a desired voltage, which is 
in turn outputted via the bonding pad 32, bonding 
wire 4 and the lead pin 2 to the external device. 

With an IC package so configured, it is known 
that static electricity charged on a human body, for 
instance, may discharge and a high-voltage current 
induced by this static discharge may be flowed into 
the silicon chip 3 via the lead pin 2. Then, such a 
high-voltage current may be conducted through the 
lead pin 2 and bonding pad 32 into the output 
driver which is directly connected to the bonding 
pad 32, thereby destroying it. 

To prevent the static electricity-induced de- 
struction of the output driver, an arrangement is 
employed where a static protection circuit is pro- 
vided near the bonding pad 32. 

Fig. 2 shows one example of an internal struc- 
ture of the input/output buffer 31 that incorporates 
such a static protection circuit and an output driver. 

It should be noted in Fig. 2 that only the output 
stage configuration of the input/output buffer func- 
tion is shown, and its input stage configuration is 
not shown. 

In Fig. 2, a signal supplied from the circuit 
component 30 is provided to an output driver 40 
comprised of a predriver 41 and a power MOS 
(Metal Oxide Semiconductor) transistor 42. The 



predriver 41 converts the signal supplied form the 
circuit component 30 into a desired voltage that is 
capable of driving the power MOS transistor 42, 
and applies it as a power-drive-stage drive signal to 

5 a drive signal line P. This power power-drive-stage 
drive signal is supplied via the drive signal line P to 
a gate terminal, G> of the power MOS transistor 42. 
To a drain terminal, D, of the power MOS transistor 
42 is connected a bonding pad 32, while its source 

io terminal, S, is connected to a Vss bus 35 that acts 
as a low-potential power supply line. In other 
words, the output driver 40 is an output driver of 
open-drain type comprised of the predriver 41 as 
its predrive stage and the power MOS transistor 42 

15 as its power drive stage, and is configured so that 
its output end is connected to the bonding pad 32. 

Near the bonding pad 32 is formed a static 
protection circuit comprised of MOS transistors 37 
and 38. The MOS transistor 37 is of P-channel 

20 type, having its gate terminal G, source terminal S 
and back-gate connected, respectively, to the Vdd 
bus 34 that acts as a high-potential power supply 
line. The drain terminal D of the MOS transistor 37 
is connected to the bonding pad 32 and the drain 

25 terminal D of the MOS transistor 38. The MOS 
transistor 38 is of N-channel type, having its gate 
terminal G, source terminal S and back-gate con- 
nected, respectively, to the Vss bus 35 that acts as 
a iow-potential power supply line. In Fig. 2, the 

30 MOS transistors 37 and 38 are shown as function- 
ing to provide static protection, though such a 
static protection may be generally substituted by a 
parasitic portion of the power MOS transistor 42 
itself that acts as the output stage. 

35 The operation of the static protection circuit is 

now described. 

In Fig. 2, when a positive high voltage is ap- 
plied to the lead pin 2 due to static discharge, the 
parasitic transistor of the MOS transistor 38 is 

40 turned on, causing most of the current induced by 
the high voltage applied thereto to be flowed into 
the Vss bus 35 through the bonding pad 32 and 
MOS transistor 38. Because of diode operation of 
the MOS transistor 37, most of the current induced 

45 by such a positive high voltage applied is sunk via 
the MOS transistor 37 into the Vdd bus 34 and 
absorbed there. Thus, the current flowing into the 
power MOS transistor 42 is significantly reduced, 
thereby preventing destruction of the circuit ele- 

so ments. On the other hand, when a negative high 
voltage is applied to the lead pin 2, most of the 
current induced by such a high voltage applied 
thereto is flowed into the Vss bus 35 through the 
bonding pad 32 and MOS transistor 38, owning to 

56 the diode operation of the MOS transistor 38. Thus, 
the current flowing into the power MOS transistor is 
significantly reduced in a similar manner, thus pre- 
venting destruction of the circuit elements. 
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However, parasitic capacitance exists between 
the drain terminal D and gate terminal G of the 
power MOS transistor 42. Such parasitic capaci- 
tance between the drain and gate is present not 
only for the above-mentioned power MOS transis- 
tor, but also for typical MOS transistors; for a 
circuit with significant output such as a power MOS 
transistor, its parasitic capacitance is also signifi- 
cant, which results in a correspondingly significant 
coupling effect. 

Consequently, when a high voltage is applied 
to the drain terminal D of the power MOS transistor 
42 in response to the generation of static dis- 
charge, the potential on the floating gate terminal G 
rises (or falls) due to capacitance coupling between 
the drain terminal D and gate terminal G of the 
power MOS transistor 42, even when the static 
protective function of the MOS transistors 37 and 
38 works, and as such the resulting current is 
flowed into the predriver 41 . 

Thus, with the above-described configuration, 
although static protection for the power MOS tran- 
sistor is provided, the predriver 41 may be damag- 
ed when an instantaneous high voltage is flowed 
into the predriver 41 due to parasitic capacitance of 
the power MOS transistor 42. 

The present invention has its objective to pro- 
vide an output driver that is capable of static pro- 
tection. 

SUMMARY OF THE INVENTION 

According to the present invention, the output 
driver for a semiconductor integrated circuit device 
is provided, comprising: a predriver stage for con- 
verting an input signal into a desired voltage to 
generate a power-drive-stage drive signal and ap- 
plying it to a drive signal fine; and a power drive 
stage for applying to a bonding pad an output 
signal corresponding to said power-drive-stage 
drive signal, said output driver including a static 
protection circuit, which, when a high voltage great- 
er than a predetermined voltage value is applied to 
said drive signal line, connects said drive signal 
line and a power-supply bus line to forcefully con- 
duct the current induced by said high voltage ap- 
plied thereto into said power-supply bus line. 

A static protection circuit is provided between 
the predriver stage for converting an input signal 
into a desired voltage to generate a power-drive- 
stage drive signal and applying it to a drive signal 
line and a power drive stage for providing an 
output signal corresponding to the power-drive- 
stage drive signal, said static protection circuit, 
which, when a high voltage greater than a predeter- 
mined voltage value is applied to said drive signal 
line, connects this drive signal line and a power 
supply bus line to forcefully conduct the current 



induced by the high voltage applied thereto into the 
power-supply bus line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig. i shows an internal structure of an in- 
tegrated circuit package. 

Fig. 2 shows an internal structure of an in- 
put/output buffer 31. 
70 Fig. 3 shows an internal structure of an in- 

put/output buffer 31 having an output driver 40' 
according to the present invention. 

Fig. 4 shows an internal structure of an in- 
put/output buffer 31 having an output driver 40' 
75 according to another embodiment of the present 
invention. 

Fig. 5 shows an internal structure of an in- 
put/output buffer 31 having an output driver 40' 
according to still another embodiment of the 
20 present invention. 

Fig, 6 shows a layout of a final output stage of 
a predriver 41 according to the present invention. 

Fig. 7 shows a layout of an final output stage of 
a predriver 41 according to another embodiment of 
25 the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 Fig. 3 shows one example of an Input/output 

buffer 31 having an output driver 40' according to 
the present invention. 

In the figure, a signal supplied from a circuit 
component 30 is provided to the output driver 40' 

35 comprised of a predriver 41 , a power MOS (Metal 
Oxide Semiconductor) transistor 42, and MOS tran- 
sistors 43 and 44. 

The predriver 41 converts a signal supplied 
from the circuit component 30 into a desired volt- 

40 age that is capable of driving the power MOS 
transistor 42, and applies it as a power-drive-stage 
drive signal to the drive signal line P. The resulting 
power-drive-stage drive signal is supplied to the 
gate terminal G of the power MOS transistor 42 via 

45 the drive signal line P. To the drain terminal D of 
the power MOS transistor 42 is connected a bond- 
ing pad 32, while its source terminal S is con- 
nected to a Vss bus 35 that acts as a low-potential 
power supply line. 

so Furthermore, to the drive signal line P are 

connected the drain terminals D of the MOS tran- 
sistors 43 and 44 that act as a static protection 
circuit. The MOS transistor 43 is of P channel type, 
having its gate terminal G, source terminal S and 

55 back-gate connected, respectively, to a Vdd bus 34 
that acts as a high-potential power supply line. The 
MOS transistor 44 is of N channel type, having its 
gate terminal G, source terminal S and back-gate 
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connected, respectively, to the Vss bus 35 that 
acts as a low-potential power supply line. The 
circuit comprised of these MOS transistors 43 and 
44 is a so-called disable buffer whose output is 
always fixed in a high-impedance state. 

Near the bonding pad 32 is formed a static 
protection circuit comprised of MOS transistors 37 
and 38. The MOS transistor 37 is of P channel 
type, having its gate terminal G, source terminal S 
and back-gate connected, respectively, to the Vdd 
bus 34 that acts as a high-potential power supply 
line. The drain terminal D of the MOS transistor 37 
is connected to the bonding pad 32 and the drain 
terminal D of the MOS transistor 38. The MOS 
transistor 38 is of N channel type, having its gate 
terminal G, source terminal S, and back-gate con- 
nected, respectively, to the Vss bus 35 that acts as 
a low-potential power supply line. 

With the output driver 40' so configured ac- 
cording to the present invention, the static protec- 
tion circuit comprised of the MOS transistors 37 
and 38 is provided on the drive signal line that 
connects the predriver 41 that acts as a predrive 
stage and the power MOS transistor 42 that acts as 
a power drive stage. 

The operation of this configuration is now de- 
scribed. 

When a high voltage greater than a predeter- 
mined voltage value is applied to the bonding pad 
32 due to the generation of static discharge and, as 
a result, a positive high voltage is instantaneously 
applied to the drive signal line P due to parasitic 
capacitance of the power MOS transistor 42, most 
of the current induced by such a positive high 
voltage applied thereto is sunk into the Vdd bus 34 
through the MOS transistor 43 and absorbed there, 
due to the diode operation of the MOS transistor 
43. 

Alternatively, the parasitic transistor of the 
MOS transistor 44 is turned on, and most of the 
current induced by such a positive high voltage 
applied is sunk into the Vss bus 35 and absorbed 
there. On the other hand, when a negative high 
voltage is applied to the drive signal line P, most of 
the current induced by such a negative high volt- 
age applied thereto is sunk into the Vss bus 35 and 
absorbed there, due to the diode operation of the 
MOS transistor 44. Alternatively, most of the cur- 
rent induced by such a negative high voltage ap- 
plied is sunk into the Vdd bus 34 and absorbed 
there, due to the diode operation of the MOS 
transistor 43. 

Thus, the current flowing into the predriver 41 
is significantly reduced, thereby preventing de- 
struction of circuit elements. 

More specifically, when a high voltage greater 
than a predetermined voltage value is applied to 
the drive signal line P, the MOS transistors 43 and 



44 that act as a disable buffer connect this drive 
signal line P and the Vdd bus 34 (or Vss bus 35), 
and forcefully conduct the current induced by that 
high voltage applied into the Vdd bus 34 (or Vss 
5 bus 35), thereby providing static protection for the 
predriver 41 . 

In the above embodiment, although a disable 
buffer comprised of the MOS transistors 43 and 44 
is used as a static protection circuit, it should be 
io appreciated that it is not limited to such a configu- 
ration as a disable buffer. That is, any buffer whose 
output is always fixed in a high-impedance state 
may be used. 

Additionally, in the above embodiment, ai- 
rs though such a disable buffer is shown as con- 
nected between the predrive stage and power drive 
stage, a similar effect may be obtained by connect- 
ing a disable buffer 45 in parallel to the predriver 
41 that acts as a predriver stage, as shown in Fig. 
20 4. 

Furthermore, in the above embodiment, the 
MOS transistors 37 and 43 are of P-channel type; 
however, they may be configured as an N-channel 
type to allow for similar static protective operation. 

25 Fig. 5 shows one example of an input/output 

buffer 31 where the MOS transistors 37 and 43 are 
configured as MOS transistors 37' and 43' of N- 
channel type. 

In Fig. 5, the same functional elements shown 

30 in Fig. 3 are similarly numbered. 

As shown in Fig. 5, the MOS transistor 37* of 
N-channel type has its drain terminal D connected 
to a Vdd bus 34 that acts as a high-potential power 
supply line, while its gate terminal G and back-gate 

35 are connected, respectively, to a Vss bus 35 that 
acts as a low-potential power supply line. Further- 
more, the source terminal S of the MOS transistor 
37* is connected to a drain terminal D of the MOS 
transistor 38. On the other hand, the MOS transis- 

40 tor 43* of N-channel type has its drain terminal D 
connected to the Vdd bus 34 that acts as a high- 
potential power supply line, while its gate terminal 
G and back-gate are connected, respectively, to 
the Vss bus 35 that acts as a low-potential power 

45 supply line. Furthermore, the source terminal S of 
the MOS transistor 43* is connected to a drain 
terminal D of the MOS transistor 44. 

So configured as shown in Fig. 5, when a 
voltage applied to the drive signal line P and bond- 
so ing pad 32 is greater than the power supply voltage 
applied between the Vdd bus 34 and Vss bus 35, 
that is, when the output driver 40* outputs via the 
bonding pad 32 to an external device a signal of a 
higher voltage value than the power supply voltage 

55 used in the circuit component 30, a normal driver 
operation is ensured. 

It should be noted that in the above embodi- 
ment, the output driver 40* is formed in the in- 
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put/output buffer 31, though the output driver 40' 
may be formed in the circuit component 30. 

Furthermore, in the above embodiment, a static 
protection circuit is provided between the predriver 
41 and power MOS transistor 42 in order to pre- 
vent destruction of the predriver 41 during static 
discharge, although a layout may be devised such 
that the predriver 41 itself is capable of static 
protection without providing such a static protection 
circuit. 

Fig. 6 shows one example of a layout of a final 
output stage of a predriver 41 having such a static 
protective function. 

In Fig. 6, a polysilicon gate wire 53 is depos- 
ited via an oxide layer (not shown) on a P-channel 
diffusion area 51 and an N-channel diffusion area 
52. To that polysilicon gate wire 53 is connected a 
metal wire 54 that acts as agate electrode. A 
source contact hole 55 is formed a distance, A, 
away from an end face of the polysilicon gate wire 
53 within the P-channel diffusion area 51. Also, a 
drain contact hole 56 is formed a distance, B, away 
from an end face opposite to that end face of the 
polysilicon gate wire 53. On the other hand, a 
source contact hole 57 is formed a distance, A, 
away from the end face of the polysilicon gate wire 
53 within the N-channel diffusion area 52, while a 
drain contact hole 58 is formed a distance, B, away 
from the end face opposite thereto. The drain con- 
tact hole 56 formed in the P-channel diffusion area 
51 and the drain contact hole 58 formed in the N- 
channel diffusion area 52 are connected by a metal 
wire 59. With such a configuration, a power-drive- 
stage drive signal as an output signal of the 
predriver 41 is supplied to the gate terminal G of 
the power MOS transistor 42 via the metal wire 59. 
That is, the metal wire 59 acts as a drive signal line 
P. 

It should be noted that the above-mentioned 
distance A is a minimum gate-to-contact distance 
specified by a layout design rule for an integrated 
circuit device itself, while the above-mentioned dis- 
tance B is a predetermined distance greater than 
the distance A. 

In other words, the contact holes 56 and 58 
connected to the gate terminal G of the power 
MOS transistor 42 via the metal wire 59 are formed 
away from the end face of the polysilicon gate wire 
53 over a distance greater than the minimum gate- 
to-contact distance A therefrom. 

By configuring the final output stage of the 
predriver 41 in such a layout, static protection for 
the predriver 41 can be achieved without providing 
a static protection circuit comprised of MOS tran- 
sistors 43 (or 43') and 44. 

Optionally, a similar effect can be attained by 
increasing the gate width, W, of the polysilicon 
gate wire 53 shown in Fig. 6. Alternatively, a similar 
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effect can be accomplished with a layout where a 
disabling polysilicon gate wire 53* is added, without 
increasing the gate width W of the predriver. 

Fig. 7 shows one example of a predriver layout 

s where such a disabling polysilicon gate wire 53* is 
added. Note that the same elements as in Fig. 6 
are similarly numbered. 

As is clear from the above, the output driver 
according to the present invention is so configured 

io that a static protection circuit is provided between a 
predriver stage for generating a power-drive-stage 
drive signal and applying it to a drive signal line 
and a power drive stage for providing an output 
signal corresponding to that power-drive-stage 

75 drive signal, said static protection circuit which, 
when a high voltage greater than a predetermined 
voltage value is applied to the drive signal line, 
connects this drive signal line and a power-supply 
bus line to forcefully conduct the current induced 

20 by that high voltage applied thereto into the power 
supply bus fine. 

Accordingly, even if an instantaneous high volt- 
age is applied to the predrive stage due to parasitic 
capacitance of the power MOS transistor of the 

25 power drive stage, it can be absorbed, thereby 
advantageously allowing for reliable protection 
against the destruction of the output driver. 

Claims 

1. An output driver for a semiconductor integrated 
circuit device, comprising: a predriver stage for 
converting an input signal into a desired volt- 
age to generate a power-drive-stage drive sig- 

35 nal and applying it to a drive signal line; and a 

power drive stage for applying to a bonding 
pad an output signal corresponding to said 
power-drive-stage drive signal, said output 
drive including: 

40 when a high voltage greater than a pre- 

determined voltage value is applied to said 
drive signal line, a static protection circuit for 
connecting said drive signal line and a power- 
supply, bus line to forcefully conduct the cur- 

45 rent induced by said high voltage applied 

thereto into said power-supply bus line. 

2. An output driver for a semiconductor integrated 
circuit device according to claim 1, wherein 

so said static protection circuit comprises a P- 

channel MOS transistor having its source and 
drain terminals connected to a high-potential 
power supply line and said drive signal line, 
respectively, and an N-channel MOS transistor 

55 having its drain and source terminals connect- 

ed to said drive signal line and a low-potential 
power supply line, respectively. 
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3. An output driver for a semiconductor integrated 
circuit device according to claim 1, wherein 
said static protection circuit comprises an N- 
channel MOS transistor having its drain and 
source terminals connected to a high-potential 5 
power supply line and said drive signal line, 
respectively, and an N-channel MOS transistor 
having its drain and source terminals connect- 
ed to said drive signal line and a low-potential 
power supply line. 10 

4. An output driver for a semiconductor integrated 
circuit device according to claim 1, wherein 
said static protection circuit comprises a dis- 
able buffer whose output is always fixed in a is 
high-impedance state. 

5. An output driver for a semiconductor integrated 
circuit device according to claim 4, wherein 

said disable buffer is connected between an 20 
input and an output of said predriver stage. 

6. An output driver for a semiconductor integrated 
circuit device, comprising: a predriver stage for 
converting an input signal into a desired volt- 25 
age to generate a power-drive-stage drive sig- 
nal and applying it to a drive signal line; and a 
power drive stage for applying to a bonding 

pad an output signal corresponding to said 
power-drive-stage drive signal, 30 

wherein a last-stage MOS transistor in said 
predriver stage comprises a metal wire con- 
nected to said drive signal line, a diffusion area 
on which a polysilicon gate wire is disposed, 
and a contact hole for connecting said metal 35 
wire and said diffusion area, and wherein said 
contact hole is formed away from an end face 
of said polysilicon gate wire over a distance 
greater than a minimum gate-to-contact dis- 
tance specified by a layout design rule for said 40 
semiconductor integrated circuit device. 
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(57) An output driver that allows for static protection 
during generation of static discharge is provided. 



A static protection circuit (43,44) is disposed 
between a predrive stage (41) and a power drive stage 
(42) of the output driver. 
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